Twp experiments were performed to investigate the effects of input stimuli's perceptual characteristics on visual hemifield asymmetries. The task used involved the temporal integration uf form: a stimulus was flashed in two incomplete but complementary flashes, which then had to be integrated over time into the complete stimulus. In this task, successful performance depends on the visible persistence of the first flash. In Experiment 1, an increase in size improved leftvisual-field-right-hemisphere (L VF -RH) performance relative to right-visual-field-Ieft-hemisphere <RVF-LID performance when the interflash interval (lFD was 60 msec. When the IFI was increased to 100 msec, a change in size had no effect. In Experiment 2, eccentricity of input was manipulated at an IFI of 80 msec, and a decrease in eccentricity was found to selectively benefit LVF-RH performance. These results are interpreted in terms of Sergent's (1983) visual-spatialfrequency-based model of hemispheric lateralization.
rations in a visual scene, whereas high spatial frequencies correspond roughly to smaller, more finely detailed elements of a visual scene). This conception of hemispheric asymmetry conforms to the pattern of results found by investigators who have examined the effects of perceptual quality in the hemifields. Manipulations within language tasks-such as pattern masking, blurring, or increasing the eccentricity of a stimulus (all of which decrease perceptual quality)-are more detrimental to performance in the RVF-LH than to that in the LVF-RH (Hellige, 1984; Hellige & Webster, 1979; Polich, 1978) . If degradation of perceptual quality is defmed in the simple sense that the visually identifying features and details of an object cannot be clearly resolved, then it can be argued that it is the relative lack of higher spatial frequencies that leads to greater impairment in the RVF-LH under conditions of degradation.
Many forms of perceptual degradation produce the selective removal of higher-spatial-frequency information from the stimulus. Increasing eccentricity removes high spatial frequencies due to a number of factors, such as imperfections in the optics of the eye and larger receptive fields and sparser distribution of receptors in the parafovea. Similarly, decreasing exposure time prevents the complete resolution of higher frequencies (Breitmeyer & Ganz, 1977) . Different spatial-frequency components of a visual image are extracted and encoded at different rates, with lower spatial frequencies being completely resolved within 50-100 msec, whereas higher spatial frequencies require 100-300 msec. If the exposure duration of a stimulus is less than 100 rnsec, the visual information on which cognitive operations must be performed will be carried primarily by the lower spatial frequencies. Therefore, the spatial-frequency hypothesis predicts that LVF-RH performance will be at an advantage at short exposure durations due to the greater sensitivity of the LVF-RH to lower-spatial-frequency information, above and be-
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yond (or below and before) the nature of the task. Con-was one of the large letters, and a RVF-LH advantage versely, increases in exposure duration will primarily when the target was one of the small letters. benefit the integration of higher frequencies in the Hence, we find equivalent patterns of results that ap-RVF-LH.
pear to be independent of the analytic or holistic nature The above discussion of the effects of exposure dura-of the task. Sergent (198Za) suggested that hemispheric tion assumes that luminance is held constant. The short asymmetries are present at levels of processing that are exposures present in the tachistoscopic paradigm, earlier and more sensory-bound than the more abstract however, usually fall within the critical duration of levels of cognitive operations focused on by most theories Bloch's law. Thus, duration and luminance are recipro-of hemispheric lateralization. She specifically suggested cal in determining the extent to which high frequencies that hemispheric differences initially appear as differenare available to the visual system. Just as increasing ex-tial efficiency in processing lower-versus higher-spatialposure duration benefits the integration of higher frequen-frequency information. cies, so does increasing stimulus luminance. ConseFor the present experiments, the task paradigm of temquently, the loss of high-frequency information with poral integration was chosen. Temporal integration, a task decreasing exposure duration can be partially counteracted first developed by Eriksen and Collins (1968) , involves by increasing the luminance.
the presentation of two successive stimuli, each of which Because precisely such factors as eccentricity of input, is partial and essentially random, to the same general 10-widely varying luminances, and short exposure durations cus in space. When the two stimuli are combined and inare ubiquitous aspects of tachistoscopic stimulus presen-tegrated over time, a single meaningful stimulus (i.e., a tation in laterality work, Sergent (1983b) argued that letter, CVC, number, etc.) is obtained from their overcharacteristics of the perceptual input may interact with '-lapping percepts. Because the integration cannot occur unthe cognitive requirements of the task and should always til the presentation of the second stimulus, the crucial varibe taken into account when interpreting any results from able in this paradigm is the visible persistence of the first a tachistoscopic paradigm. For example, Sergent (198Zb) , stimulus. For the integration task to be successfully perusing a facial categorization task, found a LVF-RH ad-formed, there must be some adequate visual representavantage at a 40-msec exposure duration, no difference at tion of the first stimulus in the system at the time of the 120 msec, and a RVF-LH advantage at an exposure of second stimulus. The temporal integration task was chosen ZOO msec. In similar experiments, Bryden and Allard to investigate the interaction between hemispheric later- (1976) found that a LVF-RH advantage for certain type-alization and perceptual quality/spatial frequency because faces with an exposure of 30 msec became insignificant the duration of visible persistence of stimuli has been at an exposure of 150 msec. In a replication of their ex-found to be strongly related to the range of spatial freperiment, Murray (1982) found a LVF-RH advantage for quencies, with higher frequencies having a longer pera specific typeface at a 30-msec exposure, which became sistence than lower frequencies (Di Lollo & Woods, a RVF-LH advantage at 100 msec. Regard and Landis 1981) . Hence, it was expected that performance on this (1983), using stenographic characters in a go/no-go task, task should be sensitive to manipulations of the first stimufound a LVF-RH advantage at a 50-msec exposure, no Ius's spatial frequency components. Furthermore, if there difference at a 100-msec exposure, and a RVF-LH ad-were any difference in hemispheric sensitivity to aspects vantage at a 150-msec exposure.
of the quality and spatial frequency of stimuli, this differIn a similar manner, retinal eccentricity can interact with ence should appear as interactions between quality of inthe perceptual quality of the input, because the reduced put and side of visual hemifield advantage. acuity outside the fovea means a corresponding decrease Di Lollo (1981) used a temporal integration task to exin the amount of available high-spatial-frequency infor-amine hemispheric asymmetries in visible persistence and mation. Sergent (1983a) varied eccentricity within a letter-found none, but there are some possible reasons besides comparison task (Posner, Boies, Eichelman, & Taylor, lack of an actual hemispheric asymmetry to account for 1969) and found that increasing distance from fixation im-this result. First, Di Lollo used a very simple sensory task: paired performance more for RVF-LH presentations than he required subjects to determine the location of a missfor LVF-RH ones. Similar results have been obtained ing dot in a 4x4 matrix. Sergent's spatial-frequency using facial stimuli under conditions of increasing eccen-hypothesis argues that both hemispheres/hemifields can tricity (Hellige, Corwin, & Jonsson, 1984 , Experiment 3) achieve percepts of equal quality and that' 'hemispheric and low-pass ftltering (Jonsson & Hellige, 1986 ; Sergent, differences as a function of spatial frequency must result 1984). Finally, size is also related to the spatial-frequency from processing taking place beyond the sensory level" distributions of stimuli. Doubling the size of a visual im- (Sergent, 198Za, . A number of recent age lowers all spatial frequency components by one oc-studies have found no asymmetries between the visual tave. Sergent (1982a) conducted a visual search experi-fields in tasks that involved the simple detection of stimuli ment using large letters made up of numerous smaller of varying spatial frequency (Kitterle & Kaye, 1985;  letters. The task was to look for certain target letters, Peterzell, 1984; Previc, 198Z) . Perhaps Di Lollo's task which could be the large ones, the small ones, both, or could be performed purely on the basis of sensory inforneither. She found a L VF-RH advantage when the target mation, without involving any higher order cognitive processes, such as discrimination or memory. A second problem with Di Lollo's findings is the fact that absolute effects are hard to interpret. There is undoubtedly more occurring in the process of visible persistence than the simple analysis of high versus low spatial frequencies, and of course there is more to the bases of cerebrallateralization than the spatial-frequency hypothesis alone. It could be the case that in Di Lollo's experiment, visible persistence was long<fr and/or of higher resolution in the RVF-LH, but some other factor about the integrative nature of the task or short duration of the stimulus might have been biased toward better performance in the LVF-RH, in which case the two would cancel each other out and any effect would be obscured.
The present study tried to avoid this problem by looking for a relative effect. Digits were used in the integration paradigm in an effort to tap mental processes beyond the sensory level. Specifically, a visual integration task was performed on blocks of higher-spatial-frequency trials versus lower-frequency trials. No a priori prediction about the absolute visual field advantage was made; the crucial test would be the presence of a visual field X spatial frequency interaction. A specific prediction was that as the relative proportion of higher-spatial-frequency components of stimuli were decreased (by increasing the size or eccentricity), there should be an accompanying shift toward better performance in the LVF-RH.
EXPERIMENT 1
Method
Apparatus. The subjects sat in a darkened room and viewed the display through a viewing hood that was attached to a chair, ensuring that the subject's midline was correctly aligned with the center of the display. The viewing hood also served to minimize head movement, while still allowing the subject to speak. To ensure parafoveal presentation of the stimuli, eye fixation was monitored by an Applied Sciences eye-movement monitoring system. At the beginning of a test session, the subject fixated on a point in the center of the LED display, and the digital x and y coordinates of fixation were determined. At the start of each test trial, the coordinates of the subject's fixation were taken and compared to values obtained during the initial alignment. Eye position was sampled every 16.7 msec. The trial was not initiated until the eye-tracker reported five successive samplings to be within 0.25° of visual angle of the central fixation coordinates. Multiple sampling ensured that stimuli would not be presented in the course of a saccade across the fixation point.
Visual Display. The display consisted of two standard sevenelement LEOs, one in the LVF and the other in the RVF. Spatial frequency of the stimuli was manipulated by changing display size: the lower frequency stimuli were twice the size of the higher frequency stimuli. The LEOs were 1.9 cm high and 1.25 cm wide, subtending 1.2° x 0.8° of visual angle in the high-spatial-frequency condition and 2.4° x 1.6° of visual angle in the low-frequency condition. The size of the displays was manipulated by varying the distance between the display and the subject. The display was 46 cm away from the subject in the low-frequency (large size) condition, and 91 cm away in the high-frequency (small size) condition. In both conditions the display was located 3 0 parafoveally from the fixation point, which was a nonluminous orange spot. Display luminance was 1.5 fL, with a background illumination of 0. plays were generated by a PDP-II computer, which also performed all scoring and timing functions.
Design and Procedure. At the beginning of each trial, a semirandom subset of one to four of the seven elements in either the L VF or the RVF would light up for 4 msec, followed by a blank interflash interval (IFI) of 60 msec in one condition and 100 msec in the other, after which a second flash was presented on the same side for another 4 msec (these temporal parameters were chosen to avoid floor and ceiling effects). The two flashes never shared any common elements and were complementary in that when overlaid and integrated, a single digit between zero and nine was formed ( Figure I ). The randomness of the flashes was constrained so as to avoid the occurrence within a single flash of possibly biasing or informative cues (e.g., contiguous comers or connected lines). The number of elements lit in each flash was held roughly constant; that is, the number of lit elements in the second flash equaled the number of lit elements in the first flash plus or minus one. The subject's task was to recognize and report the number. A headphonemicrophone set allowed for communication between the subject and the experimenter, who sat at a computer console and entered the subject's responses on a keyboard.
Three independent variables were manipulated: visual field of presentation, relative balance of high-versus low-frequency components of the stimuli (this was done by varying stimulus size), and IFI. IFI length was a between-subjects variable, and the other two were within-subject variables. IFI was chosen as an experimental variable to ensure that this task was a measure of visible, as opposed to schematic, persistence. Visible persistence can be seen and is short-lived, lasting approximately 100-200 msec, whereas schematic persistence is nonvisible, consists of lower quality structural and schematic information, and lasts for up to 600 msec (Phillips, 1974) . Under conditions of visible persistence, there should be a large drop in performance at an IFI of 100 msec. The desire to establish the visible nature of the persistence in this task was motivated by a current controversy as to whether the laterality of visual aftereffects occurs with visible as well as schematic persistence (Di Lollo, 1983; Wurst & Long, I983) .
Each subject participated in one of the IFI conditions for a total of 60 trials in each of four conditions yielded by the factorial combination of two levels of visual field and two levels of spatial frequency distribution. Test trials were presented in two blocks of 120 trials each; in each block, the size of the stimulus was held constant while trials varied randomly between the L VF and the RVF (60 per side). Each subject was also given 20 practice trials prior to the test trials to familiarize hirnlher with the nature of the stimuli.
In addition, two control conditions were run. First, a condition was run in which the whole digit was presented (at the same size as in the low-frequency condition) in a single flash lasting 2 msec. This duration was chosen, after the collection of pilot data, to provide a level of performance comparable to that in the test conditions. This condition was added to test for any inherent visual-field advantage for the numeric stimuli. The order of presentation of the high-frequency, low-frequency, and control conditions was counterbalanced across subjects. The total session lasted for about 50 min.
A second control condition was run to assess the approximate level of baseline performance on the task and to determine whether there was any hemispheric difference in the ability to identify the stimuli on the basis of partial information (cf. Nebes, 1971) . To address these issues, a condition was run in which only the second of the two flash stimuli from the test conditions was presented to the LVF and RVF for 4 rnsec, and the subject's guesses at which digit each flash could be a subset of were compared with the correct answers (given both flashes) from the test condition to arrive at a percentage correct score. Due to a rearrangement of the subject room, the display was farther away from the subject for this condition only, and the digits subtended .8 0 x .53 0 of visual angle. Subjects. Forty subjects, 20 female and 20 male, participated in the test conditions and whole-digit control condition of this experiment as part of the requirements for an undergraduate introductory psychology course. An additional 10 subjects participated in the partial-flash condition. All subjects were right-handed and had no left-handed relatives in their immediate families. All subjects were also naive psychophysical observers.
Results
The measure of performance for each subject was the percentage of correct responses for each visual field per condition. These scores, averaged over the 20 subjects for each IF!, are shown in Specifically, as the stimulus size was increased in the 60-msec IFI condition, performance was impaired more in the RVF-LH than in the LVF-RH.
Apart from this interaction between size and visual field, there were no significant effects of size, although at the 6O-msec IFI there was a weak trend toward better performance with smaller stimuli [F(I,I8) = 2.6O,p < .13].
This result may seem slightly counterintuitive, since one might expect better performance with larger stimuli. Insofar as reducing the size of stimuli increases the proportion of high, relative to low, frequencies, however, this result supports findings of longer visible persistence at higher frequencies (Di LoHo & Woods, 1981) .
Finally, the whole-digit control condition showed no differences between the two sides [F(1,39) < 1]. The level of accuracy was 79.7% in the LVF-RH and 80.3% in the RVF-LH. This result is useful in that it demonstrates that the accuracy for the baseline process of recognizing briefly flashed numbers on LEDs is equal in the two hemispheres. Similarly, there was no significant difference between the visual fields in the partial-flash condition, although there was a weak trend toward a RVF-LH advantage [F(1,9) = 2.30, P < .18]. This suggests that there is no hemispheric asymmetry in the ability to reconstruct the stimuli from partial information.
Discussion
The expected interaction between visual field and size (as related to spatial frequency components) was significant in the 6O-msec IFI condition. As the proportion of high, relative to low, spatial frequencies was increased, performance in the RVF-LH improved, whereas performance in the LVF-RH was unaffected. Hence, it appears that the RVF-LH was able to make more efficient use of the increased distribution of high-spatial-frequency components in the small-size condition. This is in accordance with Sergent's spatial-frequency hypothesis (Sergent, 1982b) . It should be mentioned that there was an absolute trend toward a LVF-RH advantage, especially in the large size (low-frequency) condition. Because accurate performance on the visible persistence task is ostensibly loaded on the higher frequencies, a RVF-LH advantage might be expected. Absolute effects are hard to interpret, however, because of the great number of procedural and stimuli-related factors that may affect and confound results in divided hemifield experiments. For example, the stimuli in the present study were presented for relatively short durations and at low luminance, both of which tend to result in LVF-~ advantages in similar tasks (Sergent, 1983b) . The important point is that the two hemispheres were differentially benefited by changes in the spatial frequency components of the stimuli, independent of the nature of the task.
In ter in the L VF -RH. Lack of significance in this condition may have been due to floor effects. Accuracy was much lower than in the 6O-msec IFI condition, and many subjects commented on the task's difficulty, often showing surprise that they were getting any correct. Unfortunately, it is virtually impossible to precisely compute what an overall level of chance performance would be on this task, because some numbers that are simple patterns on an LED (e.g., I and 7) were almost always correctly responded to, whereas other, more visuospatially complex, digits (e.g., 6, 8, 9) were much more difficult. Table I shows the accuracy level for individual digits in both test conditions of Experiment I and in Experiment 2. It can be seen that accuracy levels in the lOO-msec condition, for example, ranged from perfect performance to true chance performance (10%). In addition, the second flash, even in the absence of any information from the first flash, could be used to constrain the possible guesses. Hence, chance performance could be better than simply I in 10. The partial-flash condition yielded an overall level of performance of around 30% correct. Although this is below the 50% level found in the lOO-msec condition, it is close enough to support the conclusion that the current temporal integration task tapped into processes of visible, not schematic, persistence. Visible persistence has a duration of 100-200 msec (Turvey, 1978) , and it seems reason- Long (1985) . Long classified the successive-field type of integration task as an example of Type II persistence, which is characterized by, among other things, positive size effects (larger stimuli having longer persistence). The present experiment, however, found an inverse size effect, which is defined by Long as being a hallmark of Type I persistence. A possible reason for this inconsistency may be that the experiments using the successive-field integration tasks that Long classified as being examples of Type II persistence were characterized by a large set of alternative responses: Eriksen and Collins (1968) had their subjects identify a CVC nonsense syllable, and Kinnucan and Friden (1981) had their subjects identify the missing dot in a 5 X 5 dot matrix. The present study, on the other hand, had a much smaller set of possible responses; in addition, the use of the LED display creates digits that are somewhat artificial in appearance and are potentially more confusable with one another. Hence, the stimuli in the present experiment may have required a greater degree of integration in order to enable the subject to discriminate the correct response from the limited set of similar alternatives. Thus, it may be that Type I persistence represents the situation in which the integration of two successive flashes is relatively complete, whereas Type II persistence represents the situation in which the discontinuity between the flashes is apparent, but the persistence is still of high enough quality for successful integration under certain circumstances.
EXPERIMENT 2
The purpose of Experiment 2 was to determine whether changes in the eccentricity of the stimulus input would have effects on performance of the integration task in the two visual fields similar to the effects of size changes in Experiment I. Of the many aspects of tachistoscopic input that are closely related to spatial-frequency distributions, perhaps none is as "hidden" and taken for granted as eccentricity. Of course, divided-visual-field work requires lateralization, and hence eccentricity, of input. Unfortunately, this has often meant that researchers have not felt the need to consider any possible effects that arise specifically from the eccentricity of the input, above and beyond any effects arising from higher-level factors. Experiment 2 sought to determine the nature of the effects of varying eccentricity on performance, with other aspects of the stimuli and task remaining constant.
Method
Experiment 2 differed from Experiment 1 in two ways. First, the effective spatial-frequency components of the stimuli were manipulated by changing retinal eccentricity of the input instead of size. Display dimensions were the same as in Experiment 1. The highspatial-frequency condition for this experiment was equivalent to the low-frequency (large size) condition in Experiment I: the display was 46 cm away from the subject and was located 3 0 p~ra foveally from the fIxation point. For the low-frequency condItIOn, the display was moved out to 6 0 eccentricity while remaining 46 cm away from the subject. Increasing eccentricity decreases the relative proportion of high spatial frequencies available to the visual system, due to the less dense receptive-fIeld distribution (leading to poorer resolution) in the periphery of the visual fIeld. The second difference in this experiment was the use of an 80-msec IF!. This value was chosen to avoid the floor effects in the IOO-msec IFI condition of Experiment 1.
Results and Discussion
The results of Experiment 2 are shown in Figure 3 . The expected interaction between visual field and eccentricity (spatial frequency) was significant [F(I, 18) = 6.08, p < .03]. The direction of the interaction, however, was opposite to that found in Experiment 1. When the eccentricity of the input was increased, thus decreasing the proportion of high spatial frequencies, performance dropped sharply in the LVF-RH while staying constant in the RVF-LH. An analysis of simple effects showed a significant LVF-RH advantage at 3° eccentricity [F(~,18) = 5.60, p < 
GENERAL DISCUSSION
The intent of the present experiments was to investigate the effects of input characteristics on hemispheric lateralization, especially insofar as those characteristics interact with spatial-frequency components. Experiment 1 examined the effects of the size of the input and found that when stimulus size was doubled (thus lowering the spatialfrequency components by one octave), performance was more impaired in the RVF-LH than in the LVF-RH. This is in accordance with the spatial-frequency hypothesis, inasmuch as the LVF-RH was better able to take advantage of increased low frequencies (and conversely was less impaired by a decrease in high frequencies) than was the RVF-LH. It should be noted that this effect was obtained with a relatively small change in size (doubling). In Sergent's (1982b) report of a LVF-RH advantage for large letters and a RVF-LH advantage for small ones, the large letters were approximately 10 times larger than the small ones. The results for the l00-msec condition of Experiment 1 proved inconclusive. There may have been a floor effect in performance, which could have prevented the appearance of any interaction between visual field and size of input. The control conditions of Experiment 1 supported the notion that performance in the l00-msec condition indeed approached a lower asymptotic level of performance, suggesting that the task involved visible persistence.
Experiment 2 investigated the effects of eccentricity on the visible persistence task. Typically, increases in eccentricity result in greater impairment in the RVF-LH than in the LVF-RH. Sergent (1983a) found greater impairment of RVF-LH performance with increasing eccentricity in a letter-comparison task. Polich (1978) found an equivalent pattern of results with a less verbal task. The present results, unexpectedly, were in the opposite direction, with increasing eccentricity resulting in greater impairment in the LVF-RH. This outcome apparently contradicts the spatial-frequency hypothesis, since it might be expected that decreases in available high frequencies with increasing eccentricity should impair the RVF-LH more than the LVF-RH.
In a recent study, Hellige et al. (1984) found a related pattern of results that helps reconcile the current findings with the spatial-frequency hypothesis. Hellige et al. found that both increasing eccentricity and increasing perceptual degradation (resulting in a decrease in available higher spatial frequencies) resulted in greater relative impairment of L VF-RH performance in a task that required the discrimination of a set of male target faces from a set of male distractor faces. This result was unexpected. In the same study, however, another condition resulted in the expected pattern of greater RVF-LH impairment with increasing stimulus degradation for a task involving the discrimination of male target faces from a set of female distractor faces. The clue to explaining these seemingly contradic-tory results lies in the fact that there is another factor operating beyond the quantitative nature of the input and the qUalitative nature of the task: the interaction between the level of feature analysis required by the task and that allowed by the input. The male/female discrimination task might have been more easily performed on the basis of global, low-spatial-frequency aspects of the stimuli, such as shape of hair or outline of jaw. When all the faces were male, however'l there was less perceptual distinguishability between the targets and the distractors, and the discrimination may have required the processing of more detailed, high-spatial-frequency features, such as distance between eyes or shape of nose. Successful performance on the visible persistence task is similarly loaded on higher frequencies, in that lower frequencies may have insufficient persistence to contribute to task performance.
Thus, in both Hellige et al. 's (1984) male/male discriminations and the present Experiment 2, the information carried by the remaining high frequencies may have been at a premium, and the LVF-RH may have suffered in performance due to its relative lack of sensitivity to high-spatial-frequency components, whereas the RVF-LH was able to extract enough high-frequency information to outperform the LVF-RH. Hellige et al. arrived at a similar conclusion: insofar as "the various attributes of a task converge to make the processing of local features a necessity, the right hemisphere is at something of a disadvantage when those local features become difficult to extract" (Hellige et al., 1984, pp. 105-106) . Sergent (1985) found a similar task x visual field interaction, and stressed the importance of the way in which the spatial frequencies available in the stimulus will interact with the spatial frequencies required for processing in determining relative hemispheric superiority.
The question remains, however, of why a change in eccentricity in Experiment 2 should result in an interaction in the opposite direction to the one caused by the change in size in Experiment 1. An answer is suggested by the different ways in which the relative proportions of high and low frequencies are affected by changes in size versus changes in eccentricity. When size is increased, all of the frequency components are shifted down in the frequency domain, but the relative shape of the distribution remains the same. Increases in eccentricity, on the other hand, tend to selectively remove higher frequencies while leaving lower frequencies intact. Hence, increasing eccentricity changes the shape of the frequency distribution, shifting toward an increased proportion of lower frequencies, whereas increasing size preserves the proportion of low to high frequencies, but with a lower overall mean for the distribution.
Thus, when size was increased in the first condition of Experiment 1, the resulting shift of all components toward a lower mean frequency may have allowed superior L VF-RH performance of the task on the basis of intermediate to lower frequencies (with little decrement caused by the decrease in high frequencies). In Experiment 2, however, the increase in eccentricity resulted in the selective removal of the intermediate and higher frequencies necessary for the successful performance of the persistence task, leaving intact the lower frequencies that were not as helpful for task performance, especially at the longer IFI of 80 msec. Under these conditions, a premium is placed on whatever remaining high-frequency information is left available in the stimulus, and increased relative sensitivity to high frequency components may have enabled RVF-LH performance to be less impaired by the increase in eccentricity .
One last aspect of the results that should be discussed is their relation to previous investigations oflaterality effects in visible persistence in tasks that did not involve temporal integration. Cohen (1976) and Marzi, Di Stefano, Tassinari, and Crea (1979) used partial-report tasks (see Sperling, 1960) . Cohen found longer persistence in the LVF-RH. Long (1985) classified partial-report tasks as measuring Type II persistence, for which lower spatial frequencies have a longer persistence. Although the discussion of Experiment 1 raises some question about the Type I1Type II distinction, Cohen's rmding of longer persistence in the RH suggests that her task did indeed measure Type II persistence (whereas the present task measures Type I). Marzi et al. also used a partial-report task, but failed to find any hemispheric asymmetry. Schmuller and Goodman (1980) studied persistence in the two visual fields by presenting two outline drawings of simple objects, one in each visual field, followed by an arrow cuing order of report. They found a smaller difference between first and second report scores for the RVF-LH, suggesting faster decay (Le., shorter persistence) in the LVF-RH. This finding is in accord with the present results, although Schmuller and Goodman's method of estimating persistence was indirect, and their results could be attributed to more efficient object recognition abilities in the RVF-LH (especially with the use ofline drawings, which have a higher proportion of high-spatial-frequency components than do photographs). Long (1984) employed a judgment of synchrony task and found no evidence of hemispheric asymmetry. This lack of asymmetry may be attributable to the fact that the task was very simple and required little more than detection of stimulus offset.
The results of the present study provide evidence of hemispheric asymmetry in a visible persistence task and offer moderate and conditional support for Sergent's (1982a Sergent's ( , 1983b spatial-frequency hypothesis. Visual field x spatial frequency interactions were obtained in two different conditions. The unexpected direction of the interaction when eccentricity was manipulated, however, shows that the picture is more complex than a simple model postulating that the right hemisphere is better with low frequencies, the left with higher frequencies. Aspects of the quality of the stimulus interact with task requirements, producing effects at the level of feature analysis required for successful task performance. For instance, there is no unitary mechanism or process in the hemispheres for recognizing faces. A face can be recognized on the basis of local or global features. Aspects of the task (e.g., difficulty of required discrimination) and/or of the stimulus (e.g., degradation) will interact to determine the nature of the visual field X spatial frequency interaction.
The spatial-frequency hypothesis has two very important implications for laterality researchers. First, the specific physical parameters used in divided-visual-field work, which researchers have tended to ignore, need to be explicitly taken into account when interpreting findings. Second, the idea of asymmetries based on spatialfrequency processing in the visual domain could be extrapolated to other sensory domains (e.g., auditory, tactile, motor) in terms of spatiotemporal frequency processing.
